The in vitro binding assay seems to be a useful first screening method for endocrine disrupting chemicals. Various methods have been developed and applied to the testing of chemicals. Since these assays should be applied to estrogen receptors (ER) of not only humans but also wildlife, we previously developed a standardized in vitro binding assay system for human, quail, Japanese medaka, and Xenopus laevis ERs using a competitive enzyme immunoassay. Since that was a first report on an in vitro binding assay system for Xenopus ER␣, and the capacities of chemicals to bind Xenopus ER␣ were not tested yet, we here evaluated the ability of 20 test chemicals, which were selected by the Ministry of the Environment of Japan, to bind Xenopus ER␣. Of these, 4-nonylphenol, p-octylphenol and bisphenol A had relatively high binding capacity, and these results are similar to those obtained previously in quail ER␣.
INTRODUCTION
Endocrine disrupting chemicals (EDCs) seem to be substances affecting reproductive functions through the estrogen-estrogen receptor (ER) signaling pathway. 1, 2) Although the mechanisms of disruption are not fully understood, screening methods are definitely needed. Indeed, in vivo approaches including a one-generation study and uterotrophic assay, and in vitro techniques including a receptor binding assay and reporter gene assay have been developed. [1] [2] [3] [4] The Ministry of the Environment of Japan (MOE) released a document entitled "Strategic Programs on Environmental Endocrine Disrupters '98 (SPEED'98)" in 1998, and selected 65 substances as high-priority chemicals to be tested. For initial screening in vitro, the receptor binding assay is often utilized. Using the fluorescence polalization method, the capacity of chemicals to bind human ERα and ERβ was evaluated. The Japanese medaka (Oryzias latipes) ERα and ERβ were tested using a radio-competitive assay (Ministry of Environment, Japan; http://www.env.go.jp/en/topic/edcs.html). We previously established a competitive enzyme immunoassay (EIA) for analysis of the capacity to bind quail ERα and ERβ, and then tested the chemicals selected by MOE. 5) Although it has recently been proposed that the effects of EDCs are considered not only in humans but also in wildlife, 3, 6, 7) such as birds, frogs and fish, and indeed adverse effects on human and wildlife were reported (Ministry of Environment, Japan; http://www.env.go.jp/en/topic/edcs.html), 7) a standardized method is not yet established. Moreover, a method for use with amphibian ERs such as frog ER had not been developed. The Organization for Economic Cooperation and Development (OECD) and MOE have started the development of various test methods for humans, fish, reptiles, amphibians, and birds (Ministry of Environment, Japan; http:// www.env.go.jp/en/topic/edcs.html, OECD; http:// www.oecd.org/home/). 8) For this purpose, we developed a standardized assay system for ERs in various species. 9) This method is based on the competitive EIA. It needs no special equipment and no special technique, and is less expensive than other methods, such as a radio-competitive assay and a fluorescence polalization method described above.
Although we established a competitive EIA system for Xenopus laevis ERα, the binding ability of chemicals except 4-nonylphenol and p-octylphenol was not evaluated. As described above, MOE se-*To whom correspondence should be addressed: Department of Molecular Biology, Graduate School of Pharmaceutical Sciences, Nagoya City University, 3-1 Tanabe-dori, Mizuho-ku, Nagoya, Aichi 467-8603, Japan. Tel. & Fax: +81-52-836-3455; E-mail: imagawa@phar.nagoya-cu.ac.jp lected 65 substances to be tested. Of these, 12 and 8 chemicals were selected in 2000 and 2001, respectively, as higher-priority chemicals. Therefore, we evaluated these 20 chemicals in this paper. Competitive Enzyme Immunoassay ---The principle of the in vitro binding assay for Xenopus ERα is based on the enzyme-linked competitive immunoassay, and was described previously. 9) This assay was performed using the kit, Ligand Screening System-ERα (TOYOBO Co., Ltd., Osaka, Japan), according to the manufacturer's instructions. The only change was the replacement of the human ERα in the kit with Xenopus glutathioneS-transferase-ERα-ligand binding domain (GST-ERα-LBD). The expression and purification of Xenopus GST-ERα-LBD were described previously. 9) 17β-Estradiol (E2) and diethylstilbestrol (DES) were diluted with DMSO at a concentration of 8/3 × 10 -4 -8/3 × 10 -8 M, and further diluted with the dilution buffer in the kit at a final concentration of 8/3 × 10 cals having the capacity to bind ERα or ERβ exhibit an inhibitory effect on the immunoreaction. In consideration of the inhibitory effect on the immunoreaction, we concluded that 4-nonylphenol, p-octylphenol and bisphenol A have some activity antigen-antibody reaction; after the incubation, 50 µl out of 80 µl of the mixture was transferred to an E2-coated plate, and 50 µl of E2-horse radish peroxidase (HRP) solution was added. The mixture was incubated for 1 hr on ice.
MATERIALS AND METHODS

Chemicals
Step 3: enzyme reaction; the plate was washed and the enzyme reaction was conducted at 37°C for 20 min. The absorbance at 450 nm was measured with a 1420 ARVO Multilabel Counter (Wallac, Gaithersburg, U.S.A.).
The percent inhibition of binding was calculated as follows: (A DMSO control -A test sample )/(A DMSO control -A DES at 112 nM ) × 100. IC 50 was obtained from the concentration giving 50% inhibition when the inhibition by 112 nM DES is 100%. Relative binding affinity (RBA) was obtained by dividing the IC 50 of DES by the IC 50 of the test sample. When percent inhibition was less than 50%, a 20% relative effective concentration (REC20) was also calculated.
RESULTS AND DISCUSSION
We evaluated the capacity of 20 chemicals to bind Xenopus ERα using the competitive EIA. The results for the 20 chemicals are summarized by showing the IC 50 and RBA (%) or REC20 in Table 1 . Among those chemicals tested, 4-nonylphenol, poctylphenol and bisphenol A exhibited relatively strong binding to Xenopus ERα as observed for quail ERα, 5) although in each case the IC 50 was 10 -7 M and the RBA was less than 2%. Nine chemicals including 4-nonylphenol, p-octylphenol and bisphenol A gave an IC 50 , and 7 chemicals showed very weak binding and gave a REC20.
Although both triphenyltin and tributyltin exhibited the weak binding activity, it was reported that both tin compounds denatured the GST-ER protein (Ministry of Environment, Japan; http://www.env. go.jp/en/topic/edcs.html). Therefore, this is not a real binding activity and this system does not work on tin chemicals.
The competitive EIA is based on the antigenantibody reaction. If the test chemical inhibits this reaction, a false positive result might be obtained. Therefore, it is necessary to check the inhibitory effect of the test chemical on the antigen-antibody interaction. We next determined the inhibitory effect of 16 chemicals, which revealed the ability to bind Xenopus ERα. No inhibitory effect was observed for 9 chemicals, while 7 chemicals showed 30% or more inhibition at 10 -4 M (data not shown). Thus, it is necessary to check whether test chemi- to bind Xenopus ERα, and benzyl-n-butyl phthalate and pentachlorophenol might have very weak binding activity. Figure 1 shows the data for bisphenol A, benzyl-n-butyl phthalate and pentachlorophenol. The other chemicals with weak binding seem to have no capacity to bind Xenopus ERα at the concentration tested. The results obtained here are basically very similar to those for quail ERα. 5) 
